Atrial fibrillation (AF) is the most common cardiac arrhythmia worldwide and an important cause of morbidity and mortality. 1 A better understanding of the risk factors predisposing to AF and its underlying mechanisms are thus of major public health importance as they may potentially lead to new preventive strategies. Alcohol consumption is known to have profound cardiac effects, both beneficial and deleterious. For example, low to moderate alcohol consumption has been linked to a favourable, inverse relationship with coronary artery disease, 2 while a U-shaped relationship has been described with congestive heart failure 3 and sudden cardiac death. 4 With regards to regular alcohol consumption and new-onset AF, earlier studies suggested a threshold effect. 5 However, more recent meta-analyses suggest a linear increase in AF risk across the entire spectrum of alcohol intake. In a recent meta-analysis of prospective studies, each additional unit of alcohol intake was associated with an 8% increased risk of AF. 6 Less well understood is the relationship between acute alcohol consumption and cardiac arrhythmias. In 1978, Ettinger et al. first described the occurrence of atrial arrhythmias after acute ingestion of excessive amounts of alcohol, and coined the term 'Holiday Heart Syndrome' (HHS). 7 Since then, several case series of patients with AF after acute alcohol intake have been published. 8, 9 However, the true prevalence of atrial arrhythmias after acute alcohol ingestion remains unknown as these studies were limited by their small sample size, retrospective design, and selection bias. The pathophysiological relationship between alcohol and cardiac arrhythmias is complex and remains incompletely understood. Several mechanisms are likely to be at play including alterations in atrial repolarization, vagal tone, and adrenergic states, as well as direct myocardial injury, fibrosis, and atrial remodelling. Animal models have shown that alcohol significantly reduces L-type calcium and sodium channel currents, leading to shortening of the atrial refractory period. 10 In humans, the atrial refractory period was also decreased in drinkers compared with non-drinkers in a case-control study.
11
Alterations in vagal tone as measured by decreased heart rate variability have also been implicated in the pathogenesis. 12 Alcohol-induced myocardial injury has been well described in the literature. 13 In patients undergoing AF ablation, drinkers were more likely to have atrial scar, suggesting that alcohol may have deleterious effects on the atria. 14 Given our incomplete understanding, it is clear that studies on alcohol-related cardiac consequences are urgently needed. In this issue of the Journal, Brunner et al. make a major contribution to the field by examining the prevalence of cardiac arrhythmias among 3028 participants attending the 2015 Munich Oktoberfest beer festival. 15 The aim of this study was to correlate smartphone-based, 30-s ECG recordings with breath alcohol concentration measurements. The mean age of the study population was 35 ± 13 years, with 30% being female. The mean breath alcohol level was 0.85 ± 0.54 g/kg. The proportion of cardiac arrhythmias was 30.5%, with sinus tachycardia being the most common (25.9%), followed by sinus arrhythmia (1.7%), premature ventricular complexes (1.7%), premature atrial complexes (1.3%), and AF or atrial flutter (0.8%). The authors used respiratory sinus arrhythmia as a correlate measure of vagal activity, and found it in 22.2%. In subjects with a breath alcohol level of 0 g/kg, sinus tachycardia and any cardiac arrhythmia occurred in 18.5% and 23.9%, respectively. In multivariable logistic regression models adjusted for age, sex, and a limited set of baseline risk factors, the odds ratio (OR) for cardiac arrhythmias was 1.75 for each 1 g/kg increase in breath alcohol concentration. This relationship was largely driven by sinus tachycardia, as there was no relationship between breath alcohol levels and risk of sinus arrhythmia, premature ectopic beats, AF, or their composite. There was no evidence of effect modification by sex (P-interaction = 0.34).
The authors also examined the relationship between chronic alcohol use and arrhythmias in 4132 subjects (mean age 49.1 ± 13.9 years; 51.1% female; mean alcohol consumption 15. 
cohort. In contrast to the acute alcohol cohort, the proportion of subjects with sinus tachycardia and other arrhythmias was much lower (0.4% and 2.3%, respectively). Chronic alcohol use was associated with sinus tachycardia [OR 1.03, 95% confidence interval (CI) 1.01-1.06 for each g/day], but not AF, although the study may have been underpowered to find such an association.
The study of Brunner et al. has several strengths. First, the authors should be congratulated on the innovative design, taking advantage of the unique setting of the Oktoberfest beer festival as well as the use of modern smartphone-based ECG technology to capture good quality data in a large number of individuals in only 16 days. One of the most remarkable findings of this study relates to the robustness of the ECG technology used, with only 8 uninterpretable ECG readings in >3000 individuals (>95.5% had successful ECG recordings) despite the recordings occurring in a lively beer tent. The emergence of cost-effective, high-quality ECG monitoring via smartphones and wearable devices has important implications, as it may allow for the implementation of future AF screening strategies in high-risk individuals. Second, the large sample size makes this study the largest to date addressing the relationship between alcohol consumption and cardiac arrhythmias. Third, the direct correlation between ECG findings and an objective measure of alcohol intake addresses concerns with ascertainment of alcohol intake in previous studies. Fourth, the study also provides some insights on the prevalence of HHS, with only 0.8% developing AF or atrial flutter. This may be explained by the young age of the participants, a significant proportion of which had breath alcohol levels of 0 g/kg, and the limitations of a single 30-s ECG recording. There are also some data suggesting that in contrast to wine and spirits, chronic beer consumption may not be associated with AF risk, 6 raising the possibility that both the type of alcohol and blood alcohol levels may be important. The same relationship may also apply in the acute setting. More data in older individuals at higher cardiovascular risk are needed to assess further the prevalence of HHS and other cardiac arrhythmias after acute alcohol intake. The study also has important limitations. The greatest limitations are its cross-sectional design and the limited number of baseline covariates that could be captured in the public space. The authors attempted to address these by comparing subjects with elevated breath alcohol levels with those with no detected breath alcohol. However, important potential confounders remain unadjusted for, including baseline heart rates, history of chronic alcohol use, lively atmosphere during ECG recordings, and possible concomitant recreational drug use. Knowledge of participants' baseline heart rates before alcohol consumption and chronic alcohol consumption history would have been very informative and remain important uncontrolled confounders in this analysis. Obtaining details on binge drinking patterns would also have been desirable, as this has been linked to AF and HHS independent of chronic alcohol intake. 6, 16 Finally, the authors discuss the potential role of respiratory sinus arrhythmia as a marker of autonomic imbalance and trigger of AF due to acute alcohol consumption. However, due to the cross-sectional design, the authors are unable to examine its relationship with AF directly, and thus cannot test and confirm their hypothesis. Importantly, although sinus tachycardia and respiratory sinus arrhythmia may be important markers of autonomic imbalance following acute alcohol consumption, the authors do not provide information on the amount of overlap between these two entities in the current study, as schematically illustrated in Figure 1 .
In summary, the current study advances our understanding of the relationship between acute alcohol consumption and cardiac arrhythmias. The prevalence of HHS was low, suggesting that alcohol alone may not be sufficient to induce AF in low-risk individuals. This study also presents some evidence of possible autonomic system imbalance during acute alcohol consumption. Whether respiratory sinus arrhythmia is an important marker of AF following acute alcohol consumption requires further investigation. Our understanding is far from complete, but in our view current evidence should not dissuade individuals from continuing to enjoy modest amounts of alcohol. The authors should be commended for creatively combining old tradition with new technology to enhance the field with important new data.
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